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CHAPTER II 



Preliminary Classification: 
Proposed Class: 
Subclass: 

NOTE: "All applicants are requested to include a preliminary classification on newly filed patent 

applications. The preliminary classification, preferably class and subclass designations, should be 
identified in the upper right-hand corner of the letter of transmittal accompanying the application 
papers, for example 'Proposed Class 2, subclass 129.' " M.P.E.P., § 601, 7th ed. 



TRANSMITTAL LETTER 
TO THE UNITED STATES ELECTED OFFICE (EO/US) 

(ENTRY INTO U.S. NATIONAL PHASE UNDER CHAPTER II) 



INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 

PCT/JP99/02997 June 4, 19 99 June 4, 1. 998 

title OF invention METHOD OF MANUFACTURING CHEMICALLY PRESTRESSED CONCRETE MOLDING 
PRODUCT, AND HIGH TEMPERATURE HIGH PRESSURE UNDERWATER CURING APPARA TUS FOR. . . 
APPLICANTS) 

Eiichi Tazawa and Akihiro Hori 



Box PCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 
ATTENTION: EO/US 



CERTIFICATION UNDER 37 C.F.R. § 1.10* 

(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this Transmittal Letter and the papers indicated as being transmitted therewith is being 

deposited with the United States Postal Service on this date December 1, 2000 , in an envelope as 

"Express Mail Post Office to Addressee" Mailing Label Number EM598712678US addressed to the: 

Assistant Commissioner for Patents, Washington, D.C. 20231. 

Valerie A. Milam 

(type or print name of person mailing paper) 

Signature of person mailing paper 
WARNING: Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R. § 1.8 cannot be 

used to obtain a date of mailing or transmission for this correspondence. 
*WARNING: Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" mailing label 
placed thereon prior to mailing. 37 C.F.R. § 1.10(b). 

"Since the filing of correspondence under § 1.10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition." Notice of Oct. 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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NOTE: To avoid abandonment of the application, the applicant shall furnish to the USPTO, not later than 20 
months from the prionty date: (1) a copy of the international application, unless it has been previously 
communicated by the International Bureau or unless it was originally filed in the USPTO; and (2) the 
basic national fee (see 37 C.F.R § 1.492(a)). The 30-month time limit may not be extended. 37 C.F.R. 

* 52§ Rsc'd PCT/PTD 0 1 DEC 2000 

WARNING: Where the items are those which can be submitted to complete the entry of the international 
application into the national phase are subsequent to 30 months from the priority date the 
application is still considered to be in the international state and if mailing procedures are utilized 
to obtain a date the express mail procedure of 37 C.F.R. § 1.10 must be used (since international 
application papers are not covered by an ordinary certificate of mailing— See 37 C.F.R. § 1.8. 
NOTE: Documents and fees must be clearly identified as a submission to enter the national state under 35 
U.S.C. § 371 otherwise the submission will be considered as being made under 35 U.S.C. § 111. 37 
C.F.R. § 1.494(f). 

I. Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C. § 371: 

a. S3 This express request to immediately begin national examination procedures 

(35 U.S.C. § 371(f)). 

b. E The U.S. National Fee (35 U.S.C. § 371 (c)(1)) and other fees (37 C.F.R. § 1 .492) 

as indicated below: 
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2. Fees 



CLAIMS 
FEE 


(1) FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 
TIONS 




TOTAL 
CLAIMS 














11 -20 = 


0 


X $18.00 = 


$ 0 




INDEPENDENT 
CLAIMS 














2 -3= 


0 


x$80.0S 


0 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) 


+ $27<0.00 


0 


BASIC FEE** 


□ U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth 
in § 1.462 has been paid on the international application to the 
U.S. PTO: 

□ and the international preliminary examination report 
states that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in PCT 
Article 33(1) to (4) have been satisfied for all the 
claims presented in the application entering the 
national stage (37 C.F.R. § 1.492(a)(4)) $96.00 

□ and the above requirements are not met (37 C.F.R. 

§ 1.492(a)(1)) $670.00 






2P U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1.482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 

□ has been paid (37 C.F.R. § 1.492(a)(2)) $690.00 

□ has not been paid (37 C.F.R. § 1.492(a)(3)) . $970.00 
£p where a search report on the international application 

has been prepared by the European Patent Office or 

the Japanese Patent Office (37 C.F.R. 

§ 1.492(a)(5)) $8j60.00 


860.00 




Total of above Calculations 


860.00 


SMALL 
ENTITY 


Reduction by 1/2 for filing by small entity, if applicable. Affidavit 
must be filed also, (note 37 C.F.R. § 1.9, 1.27, 1.28) 






Subtotal 


860.00 




Total National Fee 


$ 860.00 




: ee for recording the enclosed assignment document $40.00 (37 
C.F.R. § 1.21(h)). (See Item 13 below). See attached "ASSIGNMENT 
COVER SHEET". 




TOTAL 


Total Fees enclosed 


$ 860.00 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

i. S A check in the amount of _IM^i00_£o cover the above fees is enclosed. 



"WARNING: "To avoid abandonment of the application the applicant shall furnish to theuriited States Patent 



and Trademark Office not later than the expiration of 30 months from the pnority date: ' ' ' (2) 
the basic national fee (see § 1.492(a)). The 30-month time limit may not be extended." 37 C.F.R. 
§ 1.495(b). 



WARNING: If the translation of the international application and/or the oath or declaration have not been 



submitted by the applicant within thirty (30) months from the priority date, such requirements may 
be met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge 
set forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than 
thirty (30) months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is required for acceptance of an English translation later than thirty (30) months after the priority 
date. Failure to comply with these requirements will result in abandonment of the application. The 
provisions of § 1.136 apply to the period which is set. Notice of Jan. 3, 1993, 1147 O.G. 29 to 
40. 



3. [X| A copy of the International application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Section 1.495 (b) was amended to require that the basic national fee and a copy of the international 
application must be filed with the Office by 30 months from the priority date to avoid abandonment. 
"The International Bureau normally provides the copy of the international application to the Office in 
accordance with PCT Article 20. At the same time, the International Bureau notifies applicant of the 
communication to the Office. In accordance with PCT Rule 47. 1, that notice shall be accepted by all 
designated offices as conclusive evidence that the communication has duly taken place. Thus, if the 
applicant desires to enter the national stage, the applicant normally need only check to be sure the 
notice from the International Bureau has been received and then pay the basic national fee by 30 months 
from the prionty date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See item 14c below. 



a. 3 is transmitted herewith. 

b. □ is not required, as the application was filed with the United States 
Receiving Office. 

c. H has been transmitted 

i. [3 by the International Bureau. 

Date of mailing of the application (from form PCT/1B/308): December 9, 1999 

ii. □ by applicant on 



4. H A translation of the International application into the English language 
(35 U.S.C. § 371(c)(2)): 

a. Dt is transmitted herewith. 

b. □ is not required as the application was filed in English. 

c. □ was previously transmitted by applicant on 



□ Please charge Account No. 

A duplicate copy of this sheet is enclosed. 



in the amount of $ 



Date 



Date 



d. □ will follow. 
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5. G3 Amendments to the claims of the International application under PCT Article 19 

(35 U.S.C. § 371(c)(3)): 
NOTE: The Notice of January 7, 1993 points out that 37 C.F.R. § 1.495(a) was amended to clarify the existing 
and continuing practice that PCT Article 19 amendments must be submitted by 30 months from the 
priority date and this deadline may not be extended. The Notice further advises that: "The failure to 
do so will not result in loss of the subject matter of the PCT Article 19 amendments. Applicant may 
submit that subject matter in a preliminary amendment filed under section 1.121. In many cases, filing 
an amendment under section 1.121 is preferable since grammatical or idiomatic errors may be 
corrected." 1147 O.G. 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have been transmitted 

i. □ by the international Bureau. 

Date of mailing of the amendment (from form PCT/1 B/308): 

ii. □ by applicant on (date) 

Date 

c. a have not been transmitted as 

i. C3 applicant chose not to make amendments under PCT Article 19. 

Date of mailing of Search Report (from form PCT/ISA/210.): September 14, 1999 

ii. □ the time limit for the submission of amendments has not yet expired. 
The amendments or a statement that amendments have not been made 
will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 

6. □ A translation of the amendments to the claims under PCT Article 19 

(38 U.S.C. § 371(c)(3)): 

a. □ is transmitted herewith. 

b. □ is not required as the amendments were made in the English language. 

c. □ has not been transmitted for reasons indicated at point 5(c) above. 

7. A copy of the international examination report (PCT/IPEA/409) 

S is transmitted herewith. 

□ is not required as the application was filed with the United States Receiv- 
ing Office. 

8. rj Annex(es) to the international preliminary examination report 

a. Q is/are transmitted herewith. 

b. □ is/are not required as the application was fiied with the United States 
Receiving Office. 

9. IE A translation of the annexes to the international preliminary examination report 

a. Q is transmitted herewith. 

b. □ is not required as the annexes are in the English language. 
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10. S An oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 

rDts'ZcusV—dbvapp.can.on 5W W»C'd PCT/PTO 01 DEC 2000 

Date 

b. □ is submitted herewith, and such oath or declaration 

i. □ is attached to the application. 

ii. □ identifies the application and any amendments under PCT Article 
19 that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 

37 C.F.R. § 1.70. 

c. S3 will follow. 

II. Other documents) or information included: 

11. m An International Search Report (PCT/ISA/210) or Declaration under 

PCT Article 17(2)(a): 

a. 0 is transmitted herewith. 

b. 0 has been transmitted by the International Bureau. 

Date of mailing (from form PCT/IB/308): September. 14, 1999 

c. □ is not required, as the application was searched by the United States 
International Searching Authority. 

d. □ will be transmitted promptly upon request. 

e. □ has been submitted by applicant on 

Date 

12. E! An Information Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98: 

a. □ is transmitted herewith. 

Also transmitted herewith is/are: 

□ Form PTO-1449 (PTO/SB/08A and 08B). 

□ Copies of citations listed. 

b. E3 will be transmitted within THREE MONTHS of the date of submission 
of requirements under 35 U.S.C. § 371(c). 

c. □ was previously submitted by applicant on 

Date 

13. □ An assignmen. document is transmitted herewith for recording. 

A separate □ "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPLICATION" or □ FORM PTO 1595 is also attached. 



X Assignment to: Denki Kagaku Kogyo Kabushiki Kaisha 

4-1, Yuraku-cho 1-chome 
Chiyoda-ku, Tokyo 100-0006 
Japan 

Will Follow. 
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14. 0 Additional documents: 

a. H Copy of request (PCT/RO/101) 

b. a International Publication No. WO 99/628 43 

i. H Specification, claims and drawing 

ii. □ Front page only 

c. S Preliminary amendment (37 C.F.R. § 1.121) 

d. Q Other 

See Attached ____ 



15. 0 The above checked items are being transmitted 

a. H before 30 months from any claimed priority date. 

b. □ after 30 months. 

16. □ Certain requirements under 35 U.S.C. § 371 were previously submitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependant claims, to avoid unexpected high charges 
if extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as 
a constructive petition for an extension of time in any concurrent or future reply requiring a petition 
for an extension of time under this paragraph for its timely submission. Submission of the fee set forth 
in § 1.17(a) will also be treated as a constructive petition for an extension of time in any concurrent 
reply requiring a petition for an extension of time under this paragraph for its timely submission." 37 
C.F.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a 
reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may 
be returned by check or, if requested, by credit to a deposit account." 37 C.F.R. § 1.26(a). 

0 The Commissioner is hereby authorized to charge the following additional 
fees that may be required by this paper and during the entire pendency of 
this application to Account No.50-0902 (74457?07588) 
Q 37 C.F.R. § 1.492(a)(1), (2), (3), and (4) (filing fees) 
WARNING: Because failure to pay the national fee within 30 months without extension (37 C.F.R. § 1.495(b)(2)) 
results in abandonment of the application, it would be best to always check the above box. 
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E 37 C.F.R. § 1.492(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees forexcess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 C.F.R. § 1.492(d)), it might be best 
not to authorize the PTO to charge additional claim fees, except possible when dealing with amendments 
after final action. 

S 37 C.F.R. § 1.17 (application processing fees) 

□ 37 C.F.R. § 1.17(a)(1)-(5) (extension fees pursuant to § 1.136(a). 

□ 37 C.F.R. §1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R. § 1.311(b). 

NOTE: 37 C.F.R. § 1.28(b) requires "Notification of any change in loss of entitlement to small entity status must 
be filed in the application . . . prior to paying, or at the time of paying . . . issue fee. " From the wording 
of 37 C.F.R. § 1.28(b): (a) notification of change of status must be made even if the fee is paid as "other 
than a small entity" and (b) no notification is required if the change is to another small entity. 

□ 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an International Application later 
than 30 months after the priority date). 




SIGNATURE OF PRA< 

Michael A. Jaffe 



Reg. No.: 36,326 

Tel. No.: ( 216 ) 696-3394 (*VP» or print name of practitioner) 

*±o D»D jjy<± Arter & Hadden LLP 

1100 Huntington Building 



Customer No.: 23380 P Ani A £? ra ^ * * 

925 Euclid Avenue 

Cleveland, Ohio 44115 
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ADDITIONAL DOCUMENTS ENCLOSED 

1 . Transmittal Form for Transmittal of IPER to IB (PCT/IPE A/4 1 6) 

2. IPER (PCT/IPEA/409) 

3 . Written Opinion (PCT/IPEA/408) 

4. Demand (PCT/IPEA/40 1 ) 

5. Notification of Receipt of Record Copy (PCT/IB/301) 

6. PCT/ISA/205 

7. International Search Report (PCT/IS A/2 1 0) with form PCT/IS A/220 

8. Notification (PCT/IB/304) 

9. PCT/IB/301 

1 0. Notification (PCT/IB/3 1 7) 

11. PCT/RO/105 

12. PCT/ISA/202 

13. PCT/RO/106 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



IN THE APPLICATION OF 
FOR 



SERIAL NO. : 

FILED : 

INTERNATIONAL APPLICATION 
NUMBER : 

INTERNATIONAL FILING DATE : 

PRIORITY DATE CLAIMED : 



Eiichi Tazawa, et al. 

METHOD OF MANUFACTURING 
CHEMICALLY PRESTRESSED CONCRETE 
MOLDING PRODUCT, AND HIGH 
TEMPERATURE HIGH PRESSURE 
UNDERWATER CURING APPARATUS FOR 
CONCRETE MOLDING PRODUCT USED 
SUITABLY ALSO TO THE MANUFACTURING 
METHOD, AS WELL AS A METHOD OF 
CURING CONCRETE MOLDING PRODUCT 
USING THE CURING APPARATUS 



Herewith 

PCT/JP99/02997 
June 4, 1999 
June 4, 1998 



ATTORNEY DOCKET NO. 



74457/07588 

November 30, 2000 
Cleveland, Ohio 44115-1475 



PRELIMINARY AMENDMENT 



Box PCT 
Attn: EOIUS 

Assistant Commissioner of Patents 
Washington, DC 20231 



Prior to examination of the present application, please amend the above-identified 
application as follows: 



IN THE SPECIFICATION: 

Page 5, line 4, after "high temperature" insert —high pressure--. 
Page 5, line 19, after "high temperature" insert —high pressure—. 
Page 5, line 23 after "high temperature" insert -high pressure-. 

IN THE CLAIMS: 

Please CANCEL claims 4-6. 

Please AMEND claim 1 as follows: 

Claim 1 , line 4, after "temperature" insert -high pressure—. 
Please ADD claims 7-14 as follows: 

7. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 3, comprising: 

a curing step of filling the inside of the pressure resistant vessel with curing water, 
keeping the curing water at a predetermined high temperature by the heater and supplying 
pressurized air from the pressurized air supply device to put the inside of the pressure resistant 
vessel to a high pressure and curing concrete molding products contained in the vessel for a 
predetermined period of time; 

a transfer step for curing water of opening the ON/OFF valve of the transfer pipe 
on the delivery side of the pressure resistant vessel, transferring high temperature high pressure 
curing water filled inside the pressure resistant vessel through a transfer pipe on the delivery side 
to other pressure resistant vessel and closing the ON/OFF valve of the transfer pipe on the 
delivery side after the completion of transfer of the curing water; and 

a stand-by step of taking out the concrete molding products after curing from the 
inside after the completion of the transfer step, replacing the same with concrete molding 



products before curing and waiting for reception of curing water from other pressure resistant 
vessel, in which 

each of the steps is repeated successively being shifted on each of the pressure 
resistant vessels and concrete molding products are cured while transferring the curing water to a 
plurality of the pressure resistant vessels connected so as to form a circulation channel. 

8. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 7, wherein the inside of the other 
pressure resistant vessel is opened to atmospheric air by the deaeration device hereof in the 
transfer step for the curing water. 

9. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 8, wherein pressurized air is 
supplied from the pressurized air supply device of the pressure resistant vessel in which the 
curing step has been completed and curing water remaining inside is forcedly transferred to the 
other pressure resistant vessel. 

1 0. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 7, wherein pressurized air is 
supplied from the pressurized air supply device of the pressure resistant vessel in which the 
curing step has been completed and curing water remaining inside is forcedly transferred to the 
other pressure resistant vessel. 

1 1 . (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 2, comprising: 

a curing step of filling the inside of the pressure resistant vessel with curing water, 
keeping the curing water at a predetermined high temperature by the heater and supplying 
pressurized air from the pressurized air supply device to put the inside of the pressure resistant 
vessel to a high pressure and curing concrete molding products contained in the vessel for a 



predetermined period of time; 

a transfer step for curing water of opening the ON/OFF valve of the transfer pipe 
on the delivery side of the pressure resistant vessel, transferring high temperature high pressure 
curing water filled inside the pressure resistant vessel through a transfer pipe on the delivery side 
to other pressure resistant vessel and closing the ON/OFF valve of the transfer pipe on the 
delivery side after the completion of transfer of the curing water; and 

a stand-by step of taking out the concrete molding products after curing from the 
inside after the completion of the transfer step, replacing the same with concrete molding 
products before curing and waiting for reception of curing water from other pressure resistant 
vessel, in which 

each of the steps is repeated successively being shifted on each of the pressure 
resistant vessels and concrete molding products are cured while transferring the curing water to a 
plurality of the pressure resistant vessels connected so as to form a circulation channel. 

12. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 11, wherein the inside of the other 
pressure resistant vessel is opened to atmospheric air by the deaeration device hereof in the 
transfer step for the curing water. 

13. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 12, wherein pressurized air is 
supplied from the pressurized air supply device of the pressure resistant vessel in which the 
curing step has been completed and curing water remaining inside is forcedly transferred to the 
other pressure resistant vessel. 

14. (New) A method of curing concrete molding products using the high temperature 
high pressure underwater curing apparatus as claimed in claim 1 1, wherein pressurized air is 
supplied from the pressurized air supply device of the pressure resistant vessel in which the 
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curing step has been completed and curing water remaining inside is forcedly transferred to the 
other pressure resistant vessel. 

IN THE ABSTRACT: 

Delete the Abstract and insert thereat: 

--Method of manufacturing high strength chemically prestressed concrete molding 
products with great amount of introduced chemical prestress and smaller loss of the same, a high 
temperature high pressure underwater curing apparatus concrete molding products excellent in 
energy efficiency, productivity and safety by re-utilizing curing water, as well as a curing method 
thereof are provided.- 



If any additional fees are required in connection with the filing of this Response, 
please charge any additional fees to our Deposit Account No. 50-0902, referencing our Docket 
No. 74457/07588. 



REMARKS 



Respectfully submitted, 




Michael A. Jaffe y 
Registration No. 36,326 
1 1 00 Huntington Building 
925 Euclid Avenue 
Cleveland, Ohio 44115 
Customer No. 23380 
(216) 696-3394 (phone) 
(216) 696-2645 (fax) 
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DESCRIPTION 



METHOD OF MANUFACTURING CHEMICALLY PRESTRESSED CONCRETE 
MOLDING PRODUCT , AND HIGH TEMPERATURE HIGH PRESSURE 
5 UNDERWATER CURING APPARATUS FOR CONCRETE MOLDING PRODUCT USED 
SUITABLY ALSO TO THE MANUFACTURING METHOD, AS WELL AS A 
METHOD OF CURING CONCRETE MOLDING PRODUCT USING THE CURING 
APPARATUS 

10 Technical Field 

The present invention relates to a method of 
manufacturing concrete molding products introduced with 
chemical prestress used in the fields of the civil 
engineering and construction, more specifically, a method of 

15 manufacturing high strength chemically prestressed concrete 
molding products with great amount of introduced chemical 
prestress and with less loss of chemical prestressing , and a 
high temperature high pressure underwater curing apparatus 
suitable to use for curing of concrete molding products high 

2 0 temperature high pressure underwater curing, as well as a 
curing method using the apparatus . 

Background Art 
At present, in concrete molding products utilized, for 
25 example, in hume pipes or box culverts, chemical prestress 



1 



has been introduced by incorporation of expansive additive 
for improving the flexural strength thereof (Articles in 
Seventh Annual Concrete Engineering Lecture Meeting, pp 33 - 
36, 1985). 

5 However, such chemical prestress involves a subject of 

loss due to creep, drying shrinkage and relaxation of 
reinforcing bars caused of concretes with lapse of age 
("Improvement of Concretes Performance" supervised by 
Hideyoshi Nagataki, pp43-46. Published from Gihodo (1997)). 

10 On the other hand, as a method of enhancing the early 

strength of concrete molding products, autoclave curing (high 
temperature, high pressure steam curing) has been known. The 
autoclave curing has a merit capable of obtaining a strength 
corresponding to about 28 day age in a case of curing 

15 underwater at about 20°C even by curing for about two days 
for identical concretes and, accordingly, this has been 
utilized frequently at present industrially, for example, in 
the production of secondary concrete articles such as 
concrete piles. Then, since drying shrinkage after the 

2 0 completion of curing is reduced and creep after the 
completion of curing is also decreased, the autoclave curing 
is effective in view of the prevention of loss of chemical 
prestress after the curing also in a case of chemically 
prestressed concrete molding products. 

25 On the contrary, however, it involves subjects that 
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remarkable shrinkage strain is caused to the components 
during curing and relaxation of reinforcing bars is increased 
at high temperature to lose most of chemical prestress 
(Atsushi Nakamura, Recent Cement, Concrete Products, pp42-53 
5 Industry and Products No. 53). Therefore, autoclave curing 
has not been suitable to prestressed components which have to 
be manufactured by pretension system such as ties in rail 
roads . 

Further, for the curing of the concrete molding 

10 products, there can be mentioned high temperature high 
pressure underwater curing already filed by the present 
applicant (Japanese Patent Application No. Hei 9-351234). In 
the high temperature high pressure underwater curing, the 
pressure in the pressure resistant vessel is increased to 

15 about 2.5 to 10 atm, curing water filled in the pressure 
resistant vessel is kept at a high temperature of about 130 
to 180°C, and concrete components are cured being submerged 
in high temperature high pressure curing water. 

However, in the high temperature high pressure 

20 underwater curing as described above, the inside of the 
autoclave apparatus has to be filled with curing water of 
such an amount as capable of submerging the concrete 
components, the curing water has to be heated to and kept at 
about 180°C, in addition, the inside of the pressure 

25 resistant vessel has to be depressurized by deaeration for 
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taking out concrete molding products contained at the inside 
after the completion of curing and a hatch disposed in front 
of the pressure resistant vessel has to be opened to 
discharge high temperature high pressure curing water stored 
5 inside. That is, on every time concrete molding products are 
replaced, it is necessary that the inside of the pressure 
resistant vessel has to be pressurized, a great amount of 
curing water at high temperature is discharged, then a great 
amount of water is stored in turn as curing water in the 

10 autoclave apparatus and heated to a predetermined high 
temperature, which have consumed a great amount of water and 
heat energy to increase the curing cost. Further, since the 
curing water to be discharged is at an extremely high 
temperature of about 180°C or lower, a sufficient care has to 

15 be taken for safety insurance. 

Disclosure of Invention 
This invention has been accomplished in view of the 
foregoing problems and one of the object thereof is to 
2 0 provide a method of manufacturing high strength chemically 
prestressed concrete molding products with a large amount of 
introduced chemical prestress and with smaller loss of 
chemical prestress . 

For attaining the foregoing object, a method of 
2 5 manufacturing chemically prestressed concrete molding 
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AMENDED SHEET FOR SUBSTITUTION 
products according to one embodiment of this invention has a 
feature in molding concretes formed by kneading a cement 
composition containing a cement and an expansive additive and 
curing the same in a high temperature high pressure curing 
5 water at over 100°C. 

This invention is to be explained more specifically. 
In the manufacturing method according to this invention, 
the entire components are always in contact with curing water 
at a high temperature exceeding 100°C during curing of 
10 chemically prestressed concrete molding products and the 
atmosphere is kept at high temperature and high pressure. 

The curing water at high temperature is water at a 
temperature in excess of 100°C, preferably, 120 to 200°C and, 
more preferably, 140 to 180°C. At 100°C or lower, chemically 
15 prestressed components with less loss of chemical pres tress 
may not be obtained and, if it exceeds 200°C, this is not 
preferred with an economical point of view although. 

The high temperature high pressure curing water used in 
this invention can be prepared by placing water under high 
20 temperature and high pressure and, accordingly, an airtight 
pressure vessel is necessary upon production of chemically 
prestressed components with at high temperature high pressure 
curing water. 

So long as the pressure resistant vessel has 
25 airtightness , the material is not particularly restricted and 
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existent pressure container used for the autoclave apparatus 
can also be used. 

However, since the pressure vessel such as a pressure 
container used as the autoclave apparatus is usually in a 
5 horizontal type, it may be considered that curing water at 
high temperature may be discharged upon opening the hatch 
after the completion the curing, so that it is preferred, for 
example, to fill a vertical type pressure vessel with high 
temperature curing water and the components are cured being 

10 submerged therein. 

The cement composition used in the manufacturing 
method according to this invention contains a cement and an 
expansive additive. 

As the cements , various portland cements such as of 

15 ordinary, low temperature, high- early- strength and ultra 
high- early- strength portland cements, various kinds of mixed 
cements formed by mixing the portland cements with silica, 
blast furnace slags or fly ashes can be used. 

Furthermore, those formed by blending the portland 

20 cement with silica, blast furnace slags or fly ashes in 
excess of a mixing ratio specified according to JIS or the 
like may also be used. Cements formed by mixing active 
silica such as silica fume or baked products or not baked 
products of clay minerals such as meta-kaoline can also be 

25 used. 
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As the expansive additive used in the manufacturing 
method according to this invention, haiiynite series or 
calcium oxide series expansive mixtures can be used. 

The amount of the expansive additive to be used is 
5 preferably from 2 to 16 parts by weight and, more preferably, 
from 4 to 12 parts by weight based on 100 parts by weight of 
the cement. If it is less than 2 parts by weight, the effect 
of this invention may not possibly be obtained and, if it 
exceeds 16 parts by weight, excess expansion is caused to 
10 result in a worry of expansion destruction. 

The kind and the amount of aggregates used in the 
manufacturing method according to this invention are not 
particularly restricted and those usually used in the field 
of concretes can be used. 
15 Further, water is not particularly restricted as well 

and those used in the field of concretes usually can be used. 

The materials described above are kneaded by a usual 
method, charged in a mold form and then molded. 

The time for previously placing the components after 
2 0 molding till the curing of this invention (pre -placing time) 
has no particular restriction so long as it is after the age 
which allows the chemically prestressed components to be 
removed from the form. 

There is no particular restriction for the temperature 
2 5 elevation time for heating water to high temperature has no 
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particular restriction but it is preferably about from 1 to 5 
hours and , more preferably , at about 3 hours . 

The time for keeping a highest temperature after 
reaching this invention (retention time) has no restriction 
5 and it is preferably from 1 to 8 hours and, more preferably, 
about 2 to 5 hours . 

Further, the time for subsequently cooling to normal 
temperature (cooling time) has no particular restriction so 
long as it is sufficient to cool the chemically prestressed 
10 components to the normal temperature. 

Another object of this invention is to provide a high 
temperature high pressure underwater curing apparatus for 
concrete molding products excellent in the energy efficiency 
and safety capable of re-utilizing high temperature high 
15 pressure curing water without discarding the same wastefully, 
as well as method of curing concrete molding products by 
using the curing apparatus described above. 

For attaining the foregoing object, in a curing 
apparatus according to one embodiment of this invention, a 
20 high temperature high pressure underwater curing apparatus 
for curing concrete molding products in high temperature high 
pressure curing water sealed in the pressure resistant vessel 
is constituted as described below. 

That is, the high temperature high pressure underwater 
2 5 curing apparatus for concrete molding products comprises a 



plurality of openable/closable pressure resistant vessels for 
containing concrete molding products, in which a curing water 
supply device for supplying water or warmed water as curing 
water to the inside of the vessel, a pressurized air supply 
5 device for supplying pressurized air to the inside of the 
vessel thereby pressurizing the inside curing water, a heater 
for heating the curing water supplied to the inside of the 
vessel and maintaining the same at a predetermined 
temperature and a deaeration valve disposed to an upper 

10 portion of the vessel for opening the inside to atmospheric 
air are disposed to each of the pressure resistant vessels, a 
transfer pipe is disposed to a lower portion thereof being 
connected to an optional portion of other pressure resistant 
vessel for delivering curing water in communication with 

15 other pressure resistant vessel by way of an ON /OFF valve, 
and a transfer pipe is disposed to the optional portion being 
connected to the lower portion of other pressure resistant 
vessel and receiving curing water in communication with the 
other pressure resistant vessel by way of an ON /OFF valve, in 

20 which respective pressure resistant vessels are connected by 
the two transfer pipes so as to form a circulation channel to 
each other. 

In this embodiment, the transfer pipe on the side of 
receiving the curing water is desirably situated to the upper 
25 portion of each of the pressure resistant vessels. 
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Further, for attaining the foregoing object, a curing 
method according to an embodiment of this invention provides 
a method of curing concrete molding products using the high 
temperature high pressure underwater curing apparatus for 
5 concrete molding products described above, which comprises a 
curing step of filling the inside of the pressure resistant 
vessel with curing water, keeping the curing water at a 
predetermined high temperature by the heater and supplying 
pressurized air from the pressurized air supply device to put 

10 the inside of the pressure resistant vessel to a high 
pressure and curing concrete molding products contained in 
the vessel for a predetermined period of time, a transfer 
step for curing water of opening an ON /OFF valve of the 
transfer pipe on the delivery side of the pressure resistant 

15 vessel, transferring high temperature high pressure curing 
water filled inside of the pressure resistant vessel through 
a transfer pipe on the delivery side to other pressure 
resistant vessel and closing the ON /OFF valve of the transfer 
pipe on the delivery side after the completion of transfer of 

20 the curing water and a stand-by step of taking out the 
concrete molding products after curing from the inside after 
the completion of the transfer step, replacing the same with 
concrete molding products before curing and waiting for 
reception of curing water from other pressure resistant 

25 vessel, in which each of the steps is repeated successively 
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on each of the pressure resistant vessels in shifts and 
concrete molding product are cured while transferring the 
curing water to a plurality of the pressure resistant vessels 
connected so as to form a circulation channel. 
5 In the step of transferring the curing water, it is 

preferred that the inside of the other pressure resistant 
vessel is opened to the atmospheric air by the deaeration 
device thereof. 

Furthermore, in the step of transferring the curing 

10 water, it is preferred to supply pressurized air from the 
pressurized air supply unit for the pressure resistant vessel 
in which the curing step has been completed thereby forcively 
transferring the curing water remaining inside to the other 
pressure resistant vessel. 

15 The curing apparatus and the curing method are 

applicable to the curing of concrete molding products 
irrespective of the introduction of chemical prestress. 

In the high temperature high pressure underwater 
curing apparatus for the concrete molding products and the 

20 curing method using the apparatus according to this invention 
having the foregoing constitution, since each of the pressure 
resistant vessels is connected with other pressure resistant 
vessel such that the transfer pipe on the delivery side and 
the transfer pipe on the receiving side for the curing water 

2 5 are connected by way of the ON-OFF valve so as to form a 
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circulation channel to each other, each of the pressure 
resistant vessels can be used as the curing apparatus 
independent of each other by closing all the ON-OFF valves , 
as well as two pressure resistant vessels connected with the 
5 transfer pipe for curing water can be in communication by 
opening the ON-OFF valve between them. That is, by adapting 
such that one of the two pressure resistant vessels 
constitutes a pressure resistant vessel after the completion 
of the curing step while the other of them constitutes a 

10 pressure resistant vessel in the stand-by step containing new 
concrete molding products , the high temperature high pressure 
curing water stored inside of one of the pressure resistant 
vessels can be easily transferred into the other pressure 
resistant vessel at normal pressure by merely opening the ON- 

15 OFF valve. Accordingly, since the curing water once used can 
be re-used repeatedly while ' transferring circulatorily 
between each of a plurality of pressure resistant vessels , 
there is no requirement for preparing high temperature high 
pressure curing water on every replacement of concrete 

20 molding products and fill the same to the inside of the 
pressure resistant vessel, so that a great amount of water 
can be saved, labor for heating and heat energy therefor can 
also be reduced greatly to thereby conduct highly efficient 
curing and reduce the curing cost for the concrete molding 

25 products as much as possible. 
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Further, when high temperature high pressure curing 
water which is dangerous to handle with is transferred from 
one of the pressure resistant vessels completed for curing 
step to the other pressure resistant vessels in the stand-by 
5 stage, the high temperature high pressure curing water can be 
transferred till it reaches an equilibrium pressure as it is 
stored in the closed apparatus merely by the operation of 
opening the ON/ OFF valve disposed in the midway of the 
transfer pipe for curing water connecting both of the 

10 pressure resistant vessels and, further, since the high 
temperature high pressure curing water is not discharged to 
the outside, operation safety can be improved outstandingly. 

Further, when the high temperature high pressure 
curing water used repeatedly is transferred, the high 

15 temperature high pressure curing water can be transferred by 
simply opening the ON/OFF valve of the transfer pipe from the 
inside of the pressure resistant vessel after the completion 
of the curing step into the pressure resistant vessel at a 
normal pressure in the stand-by step till the inner pressure 

20 between them reaches an equilibrium state and, further, the 
curing water remaining in the pressure resistant vessel on 
the delivery side after the completion of the curing step can 
be easily transferred substantially for the entire amount by 
supplying pressurized air from the pressurized air supply 

25 device disposed to the pressure resistant vessel after the 



13 



completion of the curing into the inside thereof and opening 
the deaeration valve disposed to the other pressure resistant 
vessels in the stand-by step. In this case, when the 
transfer pipe is connected to an upper portion of the 
5 pressure vessel on the receiving side to which the pipe is 
connected, the curing water can be transferred to the inside 
of the pressure resistant vessel on the receiving side being 
free from the effect of the pressure due to the weight of the 
transferred curing water, which can mitigate the load on the 

10 pressurized air supply device of the pressure resistant 
vessel on the delivery side and shorten the transfer time. 

That is , according to the curing apparatus of this 
invention, most of curing water can be transferred by 
utilizing the pressure difference between the two pressure 

15 resistant vessels with no additional provision of a device 
for transferring high temperature high pressure curing water 
and the amount of the curing water transferred depending on 
the pressurized air supply device can be reduced by applying 
the opening operation for the deaeration valve in the 

2 0 pressure resistant vessel on the receiving side, thereby 
capable of shortening the operation time for the pressurized 
air supply device and curing water can be transfer 
efficiently while reducing the consumption energy of the 
pressurized air supply device. 

25 Furthermore, since a high temperature high pressure 
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underwater curing apparatus consisting only of a single 
pressure resistant vessel is also provided with a water 
supply device, a deaeration device and a pressurized air 
supply device respectively by way of ON/OFF valves, and 
5 further has a heater for elevating or keeping the water 
temperature of the curing water in view of the function, the 
apparatus can be constituted with a simple structure of using 
a plurality of such existent pressure resistant vessels and 
connecting them by way of ON/OFF valves so as to form 

10 circulation channels to each other by transfer pipes for 
curing water, the high temperature high pressure underwater 
curing apparatus according to this invention can be obtained 
at an extremely reduced cost and easily with no enormous 
installation investment . 

15 Furthermore, when at least one of the plurality of 

pressure resistant vessels connected by the transfer pipes so 
as to form circulation channel to each other is always put in 
a stand-by state not filled with the high temperature high 
pressure curing water in the pressure resistant vessel and 

2 0 the steps for respective pressure resistant vessels are 
shifted, curing can be repeated by transferring high 
temperature high pressure curing water in the pressure 
resistant vessel, after the completion of the curing step 
successively to the pressure resistant vessel in the stand-by 

2 5 step, curing operation can be conducted at an extremely high 
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efficiency in view of both energy and time by greatly saving 
the loss of the heat energy. 



Brief Description of Drawings 
5 Fig. 1 is a constitutional model view illustrating a 

first embodiment of a high temperature high pressure 
underwater curing apparatus for concrete molding products 
according to this invention. 

Fig. 2 is a perspective view illustrating a first 
10 embodiment of a high temperature high pressure underwater 
curing apparatus for concrete molding products according to 
this invention . 

Fig. 3 is a plan view illustrating a first embodiment 
of a high temperature high pressure underwater curing 
15 apparatus for concrete molding products according to this 
invention . 

Fig. 4 is a cross sectional view taken along line A- A 
in Fig. 3. 

Fig. 5 is a schematic constitutional view illustrating 
20 a second embodiment of a high temperature high pressure 
underwater curing apparatus for concrete molding products 
according to this invention. 

Best Mode for Carrying out the Invention 
25 Method of manufacturing chemically prestressed 
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concrete molding products according to this invention is to 
be described in detail by way of experimental examples . 



^Experimental Example 1» 
5 Concretes were prepared by using concrete formulations 

at 35% of water/ (cement + expansive additive) ratio (W/B) , 
42% of fine aggregate ratio (S/a) , comprising cement and 
expansive additive in the amounts shown in Table 1, 684 kg/m 3 
of fine aggregates, 946 kg/m 3 of coarse aggregates, 173 kg/m 3 

10 of water and 6.38 kg/m 3 of dewatering agent and, after 
removing forms at one day age, cured in high temperature high 
pressure curing water of 180°C and 10 atm for 5 hours, the 
change of the length in the restrained state of cured 
products was measured to calculate chemical prestress and the 

15 flexural strength and the compressive strength were measured. 
The results are shown together in Table 1 . 

For comparison, autoclave curing at 180°C and 10 atm 
for five hours after removing forms at one day age and normal 
temperature underwater curing at 20°C and 1 atm for 48 hours 

2 0 after removing forms at one day age were conducted in the 
same manner. 

<Materials Used> 

Cement: Ordinary portland cement, specific gravity: 3.16, 
25 blaine value: 3220 cm 2 /g 
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Expansive additive a: calcium oxide, commercial products, 
blaine value: 3100 cm 2 /g 

Expansive additive b: hauynite expansive additive, 
commercial products, blaine value: 2950 cm 2 /g 

Expansive additive c: hauynite expansive additive, CaC0 3/ 

A1 2 0 3 and CaS0 4 of first grade reagent were blended so 
as to provide 6.5 to 18 of CaO/Al 2 0 3 molar ratio and 
1.5 to 4 CaS04/Al 2 0 3 molar ratio, sintered in an 
electric furnace at 1350°C for one hour and the 
resultant clinker was adjusted to a blaine value: 
3000 ± 200 cm 2 /g 

Fine aggregates: weathered granitic pit sand, 

specific gravity: 2.56, water absorption: 1.87, 
coarse grain ratio: 2.45 

Coarse aggregates: crushed rhyolitic stone, 

specific gravity: 2.67, water absorption 1.20, 
coarse grain ratio: 7.19, maximum aggregate size of 
20 mm 

Dewatering agent: polycarboxilic polymeric surfactant, 
commercial products 

<Measuring Method> 

Length changing coefficient : 

The length just before curing (one day age) and just 
after the completion of cooling time (3 day age) were 
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measured under a restrained state and at a constant condition 
of 20°C in accordance with JIS A 6202-1980 "Expansive 
Additive for Concrete," Reference 1 "Method of Test for 
Restrained Expansion and Shrinkage of Expansive Concrete, B 
5 Method" , the difference was defined as the change of length, 
and a value obtained by dividing the change of the length 
with 385 mm as the measuring distance was defined as the 
length changing coefficient . 
Chemical Prestress: 
10 Calculated according to the equation 

a = eEs(As/Ac) 

in which a denotes chemical prestress, e denotes strain of a 
concrete component measured by the measuring method for the 
length changing 'coefficient (= length changing coefficient), 

15 Es denotes a modulus of elasticity of steel material of 2.06 
x 10 5 N/mm 2 , As denotes a cross sectional area of the steel 
material of 1.1 x 10 2 mm 2 and Ac denotes a cross sectional 
area of concrete components of 99 x 10 2 mm 2 ) . 
Flexural Strength .- 

20 Test specimens were prepared in accordance with JIS A 

6202-1980 "Concrete Expansive Additive", Reference 1 "Method 
of Test for Restrained Expansion and Shrinkage of Expansive 
Concrete, B Method", which were separated from forms at one 
day age and then cured respectively. The flexural strength 

25 was measured at 3 days age in accordance with JIS A 1106 
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"Method of Test for Flexural Strength of Concrete" and, 
curing was conducted at a temperature of 20°C and a humidity 
of 50% RH after the curing each of them to measure the 
flexural strength at 28 days age. 
Compressive strength: 

The specimens were separated from forms at one day age 
after molding and the compressive strength was measured at 3 
days age according to JIS A 1108 "Method of Test for 
Compressive Strength for Concrete" . 
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It can be seen from the table that a great amount of 
chemical prestress is introduced according to this invention 
to improve the flexural strength by using the manufacturing 
method and that compressive strength is developed at an early 
5 stage. 

^•(Experimental Example 2» 

The procedures were the same as in Experimental 
Example 1 except for curing under the condition at a 
10 temperature of 20°C and a humidity of 50% RH after the 
completion of curing shown in Table 2 , and measuring the 
length changing coefficient as shown in Table 2 starting with 
3 days age. The results are shown together in Table 2 
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As apparent from the table , the expansion strain 
introduced to the chemically prestressed component is 
scarcely reduced for a long period of time even under drying 
shrinkage, and this indicates that the loss of the introduced 
5 chemical prestress is extremely small. 

<< Experimental Example 3>> 

Procedures were identical with those in Experimental 
Example 1 except for conducting high temperature underwater 
10 curing by blending the expansive additive b shown in Table 3 
to 100 parts by weight of cement. The results are shown 
together in Table 3. 
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The expansive additive is based on (parts by weight) 
5 to 100 parts by weight of cement, chemical prestress, 
flexural strength and compressive strength are based on 
(N/mm 2 ) . 



As apparent from the table, the expansion strain 
10 increases as the mixing amount of the expansive additive 
increases. However, if the mixing amount of the expansive 
additive is excessive, the flexural stress is lowered. 
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< Experimental Example 4>> 

Procedures were conducted in the same manner as in 
Experimental Example 1 except for using the cement and the 
expansive additive shown in Table 4 , conducting curing at 
5 curing temperature and for curing time shown in Table 4 and 
measuring the length changing coefficient and the compressive 
strength. The results are shown together in Table 4. 
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From the table, it can be apparent that larger expansion 
strain and higher compressive strength can be obtained compared 
with existent autoclave curing at 180°C and 10 atm, by 
conducting high temperature underwater curing at a curing 
5 temperature in excess of 100°C. 

Further, it is apparent that the curing temperature is 
preferably from 120 to 200°C and the maximum expansion strain 
and compressive strength can be obtained at 160°C in a case 
where the retention time is constant. 

10 Further, it is apparent that great expansion strain and 

compressive strength can be obtained for a retention time of 2 
to 5 hours in a case where the curing temperature is constant. 

Then, a preferred embodiment of a high temperature high 
pressure underwater curing apparatus according to this invention 

15 is to be explained in detail with reference to appended Fig. 1 
to Fig. 4. In this embodiment, descriptions are to be made to 
an example of an embodiment using two pressure resistant vessels 
as a minimum unit for the high temperature high pressure 
underwater curing apparatus according to this invention for the 

20 convenience of explanation. 

As is illustrated, a high temperature high pressure 
underwater curing apparatus 2 according to this invention 
comprises two cylindrical pressure resistant vessels 4A and 4B 
each having a closed space defined at the inside for containing 

25 concrete molding products and having an openable/closable hatch 
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5 at a frontal portion. Each of the pressure resistant vessels 
4A and 4B comprises, at an upper portion thereof, a curing water 
supply device 6 for supplying water or warmed water, as curing 
water to the inside thereof, a pressurized air supply device 8 
5 for supplying pressurized air and a deaeration device 10 for 
opening the inside of the vessel to an atmospheric air for 
depressurization and, further, has a heater 12 disposed at the 
inside of each of the pressure resistant vessels 4 for heating 
the water or curing water supplied to the inside keeping it at a 

10 predetermined temperature. The pressurized air supply device 8 
is adapted to switchingly supply pressurized air from a common 
compressor 8a by way of a switching valve 8b to each of the 
pressure resistant vessels 4A and 4B individually, and an ON/OFF 
valve 8d is disposed to a supply pipeline 8c connecting each of 

15 the pressure resistant vessels 4A, 4B from the switching valve 
8b respectively. Further, an ON /OFF valve 6a and a deaeration 
valve 10a are disposed respectively to the curing water supply 
device 6 and the deaeration device 10, respectively. 

By the way, a transfer pipe 16A is disposed to the lower 

20 portion of one pressure resistant vessel 4A, which is in 
communication by way of an ON/ OFF valve 14A in the midway with 
the upper portion of the other pressure resistant vessel 4B and, 
further, a transfer pipe 16B is disposed in the upper portion of 
the pressure resistant vessel 4A which is in communication with 

25 an ON /OFF valve 14B in the midway with the lower portion of the 
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other pressure resistant vessel 4B, by which two pressure 
resistant vessels 4A and 4B are connected to each other by way 
of the two transfer pipes 16A and 16B so as to form a 
circulation channel. 
5 Further, a screen member 18 constituting a strainer is 

disposed in each of the pressure resistant vessels 4A and 4B 
covering the area above the communication portions with the 
transfer pipes 16A and 16B on the delivery side connected 
therewith for preventing fractures of concretes from flowing 

10 into the transfer pipes 16A and 16B by the screen member 18. 
Further, a water drain pipe 20 and an ON /OFF valve 20a thereof 
are disposed at the lowermost end of each of the pressure 
resistant vessels 4A and 4B used for cleaning. 

Further, the ON /OFF valve 6a for the curing water supply 

15 device 6, the aeration valve 10a for the deaeration device 10, 
the heater 12, the compressor 8a, the switching valve 8b for the 
pressurized air supply device 8 and the ON/OFF valve 8d therefor 
are adapted to be remote controlled electrically for operation 
by a remote control panel 22 . 

20 Then, the method of curing concrete molding products by 

using the high temperature high pressure underwater curing 
apparatus 2 to be explained. 

At first, a start preparation step in a case of 
conducting high temperature high pressure underwater curing, for 

25 example, by the pressure resistant vessel 4A is to be explained. 
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In the start preparation step, concrete molding products for 
curing are contained and disposed in the pressure resistant 
vessel 4A, and the ON /OFF valves 14A and 14B for the two 
transfer pipe 16A and 16B for curing water, as well as all 
5 ON/ OFF valves in the pipeline system in communication with the 
pressure resistant vessel 4A, namely, the ON/OFF valve 6a of the 
curing water supply device 6, the ON/OFF valve 8d for the 
pressurized air supply device 8, the deaeration valve 10a for 
the deaeration device 10 and the water drain valve 20 are closed, 

10 and the hatch 5 for the pressure resistant vessel 4A is closed 
to completely seal the inside thereof. Then, a predetermine 
amount of water or warmed water is supplied as the curing water 
to the inside of the pressure resistant vessel 4A by the ON/OFF 
operation to the ON/OFF valve 6a of the curing water supply 

15 device 6 in the pressure resistant vessel 4A. The start 
preparation step is as has been described above. 

When the start preparation step has been completed, the 
pressure resistant vessel 4A goes to the curing step. In the 
curing step, water or warmed water stored inside as curing water 

20 is heated by the heater 12 disposed in the pressure resistant 
vessel 4A to a predetermined temperature in excess of 100°C, 
preferably, to a temperature within a range about from 130 to 
180°C, and the compressor 8a, the switching valve 8b and ON/OFF 
valve 8d for the pressurized air supply device 8 are operated to 

25 supply the pressurized air pressurized by the compressor 8a into 
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the pressure resistant vessel 4A by operating the ON/ OFF valve 
8d to increase the internal pressure to a value higher than 1 
atm, preferably, to about 2.5 to 10 atm, by which the curing 
water is pressurized to a high pressure and the heater 12 is 
5 operated intermittently so as to keep the temperature at the 
predetermined temperature, and the concrete molding products 
were cured till lapse of a predetermined period of time in high 
temperature high pressure curing water. The curing time is 
usually about five hours . 

10 Then, when the curing step in the pressure resistant 

vessel 4A has been completed, it goes to the curing water 
replacing step at high temperature and high pressure. In the 
replacing step, the deaeration valve 10a of the deaeration 
device 10 in the pressure resistant vessel 4B in which the 

15 concrete molding products before aging in the stand-by state are 
contained and arranged is opened to render the inside to an 
atmospheric condition, the valves other than the above are 
closed, and the ON/OFF valve 14A of the transfer pipe 16A on the 
delivery side in the pressure resistant vessel 4A is opened. 

20 Then, the high temperature high pressure curing water in the 
pressure resistant vessel 4A completed for the curing step flows 
through the transfer pipe 16A into the other pressure resistant 
vessel 4B now at an atmospheric pressure, and the curing water 
flows from the pressure resistant vessel 4A to the pressure 

25 resistant vessel 4B till the inner pressure for both of the 
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pressure resistant vessels 4A and 4B substantially reach an 
equilibrium state (more accurately, since the inside of the 
pressure resistant vessel 4B is opened to atmospheric air, till 
the pressure in the pressure resistant vessel 4A is balanced 
5 with the water head pressure of the transfer pipe 16A) . 

Subsequently, the pressure in the pressure resistant 
vessel 4A is increased by the pressurized air supply device 8 of 
the pressure resistant vessel 4A on the side of completing the 
curing step to transfer the curing water remaining at the inside 

10 into the pressure resistant vessel 4B on the side of the stand- 
by step. When substantially the entire amount of curing water 
has been transferred, the operation of the compressor 8a for the 
pressurized air supply device 8 is stopped, the ON/OFF valve 8d 
therefor is closed and the ON/ OFF valve 14A of the transfer pipe 

15 16A is closed and, further, the deaeration valve 10a for the 
deaeration device 10 of the pressure resistant vessel 4B is also 
closed to complete the step of transferring the high temperature 
high pressure curing water in the pressure resistant vessel 4A. 

Then, while the pressure resistant vessel 4A completed 

20 for the transfer step of the curing water goes to the next 
stand-by step, the pressure resistant vessel 4B having received 
the curing water goes to the curing step. In this embodiment, 
the curing step in the pressure resistant vessel 4B is identical 
with the curing step described above. In a case where the amount 

25 of the curing water is insufficient, it can be supplemented with 
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water or warm water properly from the curing water supply device 
6. 

In the stand-by step, when the pressurized air is 
remained in the pressure resistant vessel 4A, the deaeration 
5 valve 10a for the pressure resistant vessel 4A is at first 
opened to release the remaining pressurized air to atmospheric 
air. Subsequently, if necessary, the concrete molding products 
after the curing contained inside are taken out by opening the 
hatch 5 for the pressure resistant vessel 4A after optionally 

10 lowering the temperature of the pressure resistant vessel 4A and 
then the concrete molding products to be cured next are 
contained and arranged at the inside thereof- Then, after 
confirming that all the valves 6a, 8d, 10a, 14A, 14B and 20a in 
the pipeline system in communication with the inside of the 

15 pressure resistant vessel 4A have been closed, the hatch 5 of 
the pressure resistant vessel 4A is closed, completion of the 
curing step in the pressure resistant vessel 4B is waited and, 
after the completion of the curing step, it goes to the step for 
transferring the high temperature high pressure curing water 

20 after completion of the curing step. 

Subsequently, the curing step, the transfer step and the 
stand-by step are repeated successively on every pressure 
resistant vessel 4A, 4B as described above and underwater curing 
at high temperature and high pressure is repeated by 

25 continuously using the curing water while transferring the high 
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temperature high pressure curing water alternately between the 
two pressure resistant vessels 4A and 4B. 

As described above, since curing water once heated to a 
high temperature can be re- used repeatedly by transferring 
5 successively between both of the pressure resistant vessels 4A 
and 4B to each other, it is no more necessary to replace curing 
water with new water on every replacement of concrete molding 
products and heat the water from a low temperature by the heater 
12 or the like, so that a great amount of water can be saved and 

10 the labor for heating and heat energy required for heating can 
be reduced greatly compared with a case of replacing and heating 
water on every time and curing can be conducted at a high 
efficiency both in view of time and heat , thereby enabling to 
remarkably reduce the production cost of the concrete molding 

15 products. Furthermore, since the curing water at high 
temperature requiring a sufficient safety care in view of 
handling can be retained in a closed apparatus comprising the 
two pressure resistant vessels 4A and 4B and the two transfer 
pipes 16A and 16B for connecting them, operators' safety can be 

20 improved outstandingly. 

That is , according to the curing apparatus of this 
invention, since the most portion of the curing water is 
transferred by utilizing the difference of pressure between the 
pressure resistant vessels 4A and 4B with no particular 

25 provision of a device for transferring high temperature high 
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pressure curing water, the curing water can be easily 
transferred between both of the pressure resistant vessels 4A 
and 4B, the amount of curing water that has to be transferred by 
the pressurized air supply device 8 is decreased and the 
5 operation time of the pressurized air supply device 8 can also 
be shortened and the power energy required for the operation 
also be reduced thereby enabling to transfer the curing water 
efficiently. Then, the above-mentioned effects become more 
remarkable by opening the deaeration valve 10a of the pressure 

10 resistant vessel in the stand-by step on the receiving side. In 
addition, since the opened deaeration valve 10a forms an air 
vent hole, no excess load is exerted on the pressurized air 
supply device 8 and the pressure resistant vessels 4A and 4B, as 
well as the transfer pipes 16A and 16B, it is also possible to 

15 prevent degradation or damage of the apparatus. 

Further, since the high temperature high pressure 
underwater curing apparatus comprising a single pressure 
resistant vessel also comprises a water supply device, a 
deaeration device and a pressurized air supply device by way of 

20 each of ON/OFF valves respectively in view of the function, and 
also has a heater for elevating or keeping the temperature of 
curing water in the pressure resistant vessel, the high 
temperature high pressure underwater curing apparatus 2 of this 
invention can be obtained at an extremely reduced cost and 

25 easily with no enormous installation investment by a simple 
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modification of using two of such pressure resistant vessels 
and connecting them with two transfer pipes 16A and 16B by way 
of the ON /OFF valves 14A and 14B. 

As described above, in this embodiment, an embodiment of 
5 connecting the two pressure resistant vessels by the two 
transfer pipes so as to form a circulation channel with each 
other has been explained for the sake of convenience of the 
explanation. However, the number of the pressure resistant 
vessels to be connected is not restricted only thereto but it 

1 0 may be optional so long as they are two or more . As an example , 
a second embodiment according to this invention using three 
pressure resistant vessels is to be described with reference to 
Fig. 5 on the portions different from those of the first 
embodiment while depicting the same members as those in the 

15 first embodiment with identical reference numerals. 

As illustrated, identical pressure resistant vessels with 
those of the first embodiment are used by the number of three, 
in which a transfer pipe 16A on the delivery side of curing 
water in communication with an upper portion of the second 

20 pressure resistant vessel 4B (receiving side of the pressure 
resistant vessel 4B) to a lower portion of the first pressure 
resistant vessel 4A by way of an ON/OFF valve 14A. In the same 
manner, a transfer pipe 16B on the delivery side of curing water 
in communication with an upper portion of the third pressure 

25 resistant vessel 4C (receiving side of the pressure resistant 
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vessel 4C) to a lower portion of the second pressure resistant 
vessel 4B by way of an ON/ OFF valve 14B. Further in the same 
manner, a transfer pipe 16C on the delivery side of curing water 
in communication with an upper portion of the first pressure 
5 resistant vessel 4A (receiving side of the pressure resistant 
vessel 4A) to a lower portion of the third pressure resistant 
vessel 4C by way of an ON /OFF valve 14C. Accordingly, the three 
pressure resistant vessels 4A, 4B and 4C are connected to each 
other via the three transfer pipes 16A, 16B and 16C so as to 

10 form a circulation channel. 

Referring to the curing method using this high 
temperature high pressure underwater curing apparatus , high 
temperature high pressure underwater curing (curing step) is 
started in the second pressure resistant vessel 4B in accordance 

15 with the same procedures as above, and then high temperature 
high pressure underwater curing (curing step) is started also in 
the first pressure resistant vessel 4A in accordance with the 
same procedures. The third pressure resistant vessel 4C is 
caused to stand-by in a state of tightly sealing the inside 

2 0 while containing and arranging concrete molding products (stand- 
by step) . 

Subsequently, soon after the completion of the curing 
step in the second pressure resistant vessel 4B, in accordance 
with the same procedures as the first embodiment, high 
25 temperature high pressure curing water in the second pressure 
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resistant vessel 4B is transferred to the third pressure 
resistant vessel 4C (transfer step) and high temperature high 
pressure underwater curing step is conducted in the third 
pressure resistant vessel 4C. Subsequently, when after the 
5 temperature of the second pressure resistant vessel 4B is 
lowered, the concrete molding products at the inside are 
replaced with concrete molding products to be cured and the 
inside is put to a sealed state for stand-by (stand-by step). 

Then, soon after the completion of the curing step in the 

10 first pressure resistant vessel 4A, the high temperature high 
pressure curing water is transferred to the second pressure 
resistant vessel 4B (transfer step), and curing is started in 
the second pressure resistant vessel 4B and concrete molding 
products in the first pressure resistant vessel 4A are replaced 

15 to enter the stand-by state (stand-by step). Subsequently, the 
operations in each of the steps are repeated successively while 
being shifted on each of the pressure resistant vessels 4A, 4B 
and 4C, to conduct curing for concrete molding products while 
transferring the high temperature high pressure curing water to 

20 three pressure resistant vessels 4A, 4B and 4C connected so as 
to form a circulation channel. 

In the high temperature high pressure underwater curing 
apparatus for concrete molding products, and the curing method 
using the apparatus shown in the second embodiment, since the 

25 starting time for the curing step conducted in each of the 
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pressure resistant vessels 4A, 4B and 4C is shifted such that at 
least one pressure resistant vessel is always in the stand-by 
step, the curing water in the pressure resistant vessel in which 
the curing step has been completed is instantly transferred to 
5 the pressure resistant vessel in the stand-by step to transfer 
to the curing step thereby capable of reducing the stand-by time 
in the stand-by step, more concrete molding products can be 
cured at a high working efficiency and in a short period of time 
to improve the production efficiency. 

10 

Industrial Applicability 
As has been explained specifically above, by 
manufacturing chemically prestressed concrete molding products 
using the manufacturing method according to this invention, high 
15 strength components with increased amount of chemical prestress 
introduced thereto and with smaller loss of the chemical 
prestress can be obtained compared with those obtained from 
other curing methods using identical formulations. 

Further, compared with existent autoclave curing, a large 
20 expansion strain and compressive stress can be obtained at a 
lower curing temperature and in a shorter retention time. 

Then, since cement hardening is remarkably promoted, a 
predetermined compressive strength can be obtained in a short 
period of time. 

25 Further, since predetermined chemical prestress can be 
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introduced, it can provide an effect capable of reducing the 
amount of the expansive additive to be used. 

Further, the high temperature high pressure underwater 
curing apparatus , and the curing method using the apparatus for 
5 the concrete molding products according to this invention 
provide the following excellent effects . 

A plurality of pressure resistant vessels are connected 
so as to form a circulation channel to each other, and each of 
the pressure resistant vessels can be used respectively as 
10 independent curing apparatus by closing all ON/OFF valves, and 
they can be communicated to each other by opening the ON/OFF 
valves . 

High temperature and high pressure curing water stored 
inside the pressure resistant vessel can easily be transferred 

15 to other pressure resistant vessel at a normal pressure by 
merely opening the ON/ OFF valve. 

Since, once used high temperature high pressure curing 
water can be re-used by transferring and circulating the same 
successively between a plurality of pressure resistant vessels , 

20 a great amount of water can be saved and the labor for heating 
and heat energy therefore can also be saved remarkably, so that 
highly efficient curing can be conducted both in view of time 
and energy consumption compared with a case of filling the 
inside of the pressure resistant vessel with water or warmed 

25 water as fresh curing water on every replacement of concrete 
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molding products. 

Since high temperature high pressure curing water can be 
transferred merely by the operation of opening the ON /OFF valve 
and high temperature curing water is not discharged to the 
5 outside, the operation safety can be improved outstandingly. 

High temperature high pressure curing water in the 
pressure resistant vessel after the completion of the curing 
step can be transferred by merely opening the ON/OFF valve of 
the transfer pipe into the pressure resistant vessel in the 

10 stand-by step at a normal pressure till their inner pressures 
are in an equilibrium state, whereby the ON/ OFF valve for the 
deaeration device of the pressure resistant vessel on the 
receiving side in the stand-by step is opened thereby capable of 
transferring a great amount of water as much as possible while 

15 utmost utilizing the inner pressure in the pressure resistant 
vessel after the completion of the curing step on the delivery 
side and, further, the curing water remaining in the pressure 
resistant vessel after the completion of the curing step on the 
delivery side can be easily transferred substantially for the 

20 entire amount into the other pressure resistant vessel in the 
stand-by step by supplying pressurized air from the pressurized 
air supply device disposed to the pressure resistant vessel 
after completion of the curing to the inside thereof. 

Further, when the transfer pipe is connected to the upper 

25 portion of the pressure resistant vessel on the receiving side 
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to which the pipe is connected, curing water can be transferred 
with no effect of the pressure caused by the weight of the 
already transferred curing water in the pressure resistant 
vessel on the receiving side, whereby the load exerted on the 
5 pressurized air supply device of the pressure resistant vessel 
on the delivery side can be decreased, the transfer time can be 
shortened and the operation time for the pressurized air supply 
device can be shortened, so that curing water can be transferred 
efficiently while reducing the energy consumption of the 

10 pressurized air supply device. 

The high temperature high pressure underwater curing 
apparatus according to this invention can be obtained at an 
extremely reduced cost and easily with no enormous installation 
instrument in a simple structure of merely using a plurality of 

15 existent pressure resistant vessels and connecting them by way 
of ON/OFF valves to each other by curing water transfer pipes so 
as to form a circulation channel to each other. 

Since high temperature high pressure curing water in the 
pressure resistant vessel in which the curing step has been 

20 completed can successively be transferred to the pressure 
resistant vessel in the stand-by step to repeat curing by 
shifting the step in each of the pressure resistant vessels , 
loss of heat energy can be reduced greatly and curing operation 
can be conducted at an extremely high efficiency both in view of 

25 energy and time. 
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AMENDED SHEET FOR SUBSTITUTION 
CLAIMS 

1 . A method of manuf acturing chemically pres tressed 
components which comprises molding concretes formed by kneading 

5 a cement composition containing a cement and an expansive 
additive and curing the same in high temperature high pressure 
curing water at over 100°C. 

2. A high temperature high pressure underwater curing 
apparatus for concrete molding products in high temperature high 

10 pressure curing water sealed in a pressure resistant vessel 
comprising a plurality of openable/clo sable pressure resistant 
vessels for containing concrete molding products, each of the 
pressure resistance vessels comprising: 

a curing water supply device for supplying water or 
15 warmed water as curing water to the inside of the vessel; 

a pressurized air supply device for supplying pressurized 
air to the inside of the vessel thereby pressurizing the inside 
curing water; 

a heater for heating the curing water supplied to the 
20 inside of the vessel and maintaining the same at a predetermined 
temperature ; and 

a deaeration valve disposed to an upper portion of the 
vessel for opening the inside to atmospheric air, wherein 

a transfer pipe is disposed to a lower portion of each 
25 vessel being connected to an optional portion of other pressure 
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resistant vessel for delivering curing water in communication 
with, other pressure resistant vessel by way of an ON/OFF valve, 

a transfer pipe is disposed to the optional portion of 
each vessel being connected to the lower portion of other 
5 pressure resistant vessel and receiving curing water in 
communication with the other pressure resistant vessel by way of 
an ON /OFF valve, and 

the respective pressure resistant vessels are connected 
by the two transfer pipes so as to form a circulation channel to 
10 each other. 

3. A high temperature high pressure underwater curing 
apparatus for concrete molding products as claimed in claim 2, 
wherein the transfer pipe on the receiving side for the curing 
water is disposed being situated to an upper portion of each 

15 pressure resistant vessel. 

4. A method of curing concrete molding products using 
the high temperature high pressure underwater curing apparatus 
as claimed in claim 2 or 3 , comprising : 

a curing step of filling the inside of the pressure 
20 resistant vessel with curing water, keeping the curing water at 
a predetermined high temperature by the heater and supplying 
pressurized air from the pressurized air supply device to put 
the inside of the pressure resistant vessel to a high pressure 
and curing concrete molding products contained in the vessel for 
25 a predetermined period of time; 
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a transfer step for curing water of opening an ON/ OFF 
valve of the transfer pipe on the delivery side of the pressure 
resistant vessel, transferring high temperature high pressure 
curing water filled inside the pressure resistant vessel through 
5 a transfer pipe on the delivery side to other pressure resistant 
vessel and closing the ON /OFF valve of the transfer pipe on the 
delivery side after the completion of transfer of the curing 
water; and 

a stand-by step of taking out the concrete molding 
10 products after curing from the inside after the completion of 
the transfer step, replacing the same with concrete molding 
products before curing and waiting for reception of curing water 
from other pressure resistant vessel, in which 

each of the steps is repeated successively being shifted 
15 on each of the pressure resistant vessels and concrete molding 
products are cured while transferring the curing water to a 
plurality of the pressure resistant vessels connected so as to 
form a circulation channel. 

5 . A method of curing concrete molding products using 
20 the high temperature high pressure underwater curing apparatus 

as claimed in claim 4, wherein the inside of the other pressure 
resistant vessel is opened to atmospheric air by the deaeration 
device hereof in the transfer step for the curing water. 

6 . A method of curing concrete molding products using 
25 the high temperature high pressure underwater curing apparatus 
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as claimed in claim 4 or 5 , wherein pressurized air is supplied 
from the pressurized air supply device of the pressure resistant 
vessel in which the curing step has been completed and curing 
water remaining inside is forcedly transferred to the other 
5 pressure resistant vessel. 
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ABSTRACT 



Method of manuf acturing high strength chemically 
prestressed concrete molding products with great amount of 
5 introduced chemical prestress and smaller loss of the same, a 
high temperature high pressure underwater curing apparatus 
concrete molding products excellent in energy efficiency, 
productivity and safety by re -utilizing curing water, as well as 
a curing method thereof are provided. 

10 Concretes formed by kneading a cement composition 

containing cement and expansive additive is molded and cured in 
curing water at high temperature exceeding 100°C to manufacture 
chemically prestressed concrete molding products. The curing 
apparatus comprises a plurality of pressure resistant vessels 4A 

15 and 4B. Each of the pressure resistant vessels comprises a 
curing water supply device 6, a pressurized supply device 8, a 
heater 12 and a deaeration device 10. Transfer pipes 16A and 
16B communicating with other vessel for high temperature high 
pressure water are disposed to the lower portion thereof, thus 

20 the vessels are connected to each other via the transfer pipes 
so as to form a circulation channel. The curing water just 
after the completion of curing is transferred successively to 
the other pressure resistant vessels during stand-by state at an 
atmospheric pressure by utilizing a high pressure in the 

25 pressure resistant vessel and used repeatedly. 
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